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Abstract
Thaumatin-like proteins (TLPs) and chitinases are the main constituents of so-called protein
hazes which can form in finished white wine and which is a great concern of winemakers.
These soluble pathogenesis-related (PR) proteins are extracted from grape berries. Howev-
er, their distribution in different grape tissues is not well documented. In this study, proteins
were first separately extracted from the skin, pulp and seed of Sauvignon Blanc grapes,
followed by trypsin digestion and analysis by liquid chromatography-electrospray ioniza-
tion-tandemmass spectrometry (LC-ESI-MS/MS). Proteins identified included 75 proteins
from Sauvignon Blanc grape skin, 63 from grape pulp and 35 from grape seed, mostly func-
tionally classified as associated with metabolism and energy. Some were present exclusive-
ly in specific grape tissues; for example, proteins involved in photosynthesis were only
detected in grape skin and proteins found in alcoholic fermentation were only detected in
grape pulp. Moreover, proteins identified in grape seed were less diverse than those identi-
fied in grape skin and pulp. TLPs and chitinases were identified in both Sauvignon Blanc
grape skin and pulp, but not in the seed. To relatively quantify the PR proteins, the protein
extracts of grape tissues were seperated by HPLC first and then analysed by SDS-PAGE.
The results showed that the protein fractions eluted at 9.3 min and 19.2 min under the chro-
matographic conditions of this study confirmed that these corresponded to TLPs and chiti-
nases seperately. Thus, the relative quantification of TLPs and chitinases in protein extracts
was carried out by comparing the area of corresponding peaks against the area of a tha-
mautin standard. The results presented in this study clearly demonstrated the distribution of
haze-forming PR proteins in grape berries, and the relative quantification of TLPs and chiti-
nases could be applied in fast tracking of changes in PR proteins during grape growth and
determination of PR proteins in berries at harvest.
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Introduction
Protein stabilization of white wine is of great concern to winemakers as denaturation of pro-
teins in wine may cause haze formation, which is usually considered a wine fault. Pathogene-
sis-related (PR) proteins originally derived from grape berries are the major soluble proteins
remaining in finished wine and they are mainly responsible for haze formation [1,2]. Pathogen-
esis-related proteins are a group of plant proteins induced in pathological or related situations
[3]. They were first discovered in tobacco as a result of a hypersensitive reaction to tobacco mo-
saic virus (TMV) [4]. Pathogenesis-related proteins are typically acidic, of low molecular mass
and highly resistant to proteolytic degradation and to low pH values. On the basis of similari-
ties in amino acid sequences, serological relationship, and/or enzymatic or biological activity,
eleven families have been recognized and classified for tobacco and tomato [5]. Some of these
PR protein family members have also been found in grapevine. The two prominent soluble
proteins accumulated in grapes during ripening have been identified as chitinases (PR-3 fami-
ly) and thaumatin-like proteins (PR-5 family) [6,7]. However, in early studies, the β-1,3-gluca-
nases (PR-2 family), a potential indicator of pathogen attack, were not found in grape juice
and/or berry extracts [7–10]. With the accomplishment of grapevine genome sequencing pro-
grammes in 2007 [11,12] and the development of technology in protein analysis, proteomic
analysis of grapevine has significantly improved knowledge of grape proteins and produced a
better understanding of their characteristics [13]. These have identified other PR protein family
members found in grapevine, such as osmotins (PR-5 family), β-1,3-glucanases (PR-2 family)
and the PR-10 proteins [14–16].
Thaumatin-like proteins (TLPs) and chitinases are the two predominent PR protein families
present in finished white wine [2,10,17] and they are usually removed by fining with bentonite,
a clay material that has a strong affinity for proteins and other larger molecules [18]. However,
the addition of bentonite may result in the loss of wine volume (5–20%) as lees and remove im-
portant aroma and flavour compounds [19,20]. Recent study showed that bentonite require-
ment to achieve wine protein stability is strongly correlated with concentration of PR proteins
in wine, and specifically has a positive linear correlation with the concentration of chitinases
[21]. Thus, a lower concentration of PR proteins in juice and wine, in particular the concentra-
tion of chitinases, could reduce the bentonite usage required in white wine protein stabilization.
Since both TLPs and chitinases found in wine are derived from grape berries, the distribution
and quantification of them in grape berries could be of great interest for winemakers to poten-
tially reduce their concentrations in juice through managing the extraction during juice pro-
cessing. Deytieux and co-workers have observed that the TLPs and chitinases are present in the
skin of Vitis vinifera L. cv. Cabernet sauvignon, and their concentrations in grape skin increase
during ripening [14]. A recent study on the effects of water stress on grapes [22] also shows the
presence of chitinases in pericarp (skin and pulp). Proteomic studies since the completion of
grapevine genome sequencing in 2007 have investigated the diversity of PR proteins [23]
and protein changes during ripening [24], but there is little reported on the distribution and
quantification of PR proteins in specific grape tissues, especially with focus on white wine haze
formation related TLPs and chitinases. Therefore, in this study, the liquid chromatography-
electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS) was carried out to inves-
tigate the distrubition of PR proteins in different grape tissues and provide some initial assess-
ment towards quantification. The protein extracts of grape tissue were also analysed by high
performance liquid chromatography (HPLC) and sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) to obtain the relative quantification of TLPs and chitinases in
grape tissues.
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Materials and Methods
Sauvignon Blanc grapes and protein extraction
Sauvignon Blanc grapes were collected from the Dillons Point vineyard (with permission
granted from the owner of vineyard) in Marlborough, New Zealand (41°30'52.9"S, 174°
01'15.5"E) at harvest in 2012. The grape skin was obtained by hand-peeling 20 frozen grape
berries and the pulp was accordingly obtained by removing the seeds. Protein extraction from
the grape skin, pulp and seed was then carried out according to a method optimised for plant
tissues rich in phenolics [25]. Approximately 2 g of skin, 2 g of pulp and 0.5 g of seed were
ground to a fine powder in liquid nitrogen with mortar and pestle. The powder was vortexed in
5 mL of sucrose buffer (0.7 M sucrose, 0.5 M Tris-HCl pH 7.5, 50 mM EDTA, 0.1 M potassium
chloride, 2 mM PMSF, 2% 2-ME and 1% PVP) and incubated for 30 min at 4°C. An equal vol-
ume of 1 M Tris-saturated phenol (pH 7.9) was added. The mixture was stored at -20°C for
30 min with vortexing every 10 min. The phases were separated by centrifugation (for 30 min
at 0°C and at 3210 g). The upper phenol phase was collected and re-extracted twice with an
equal volume of sucrose buffer. From 5 mL initially collected of the phenol phase, 2 mL was re-
covered after two re-extractions. Five volumes of 0.1 M w/v ammonium acetate in cold metha-
nol were added to the phenol phase followed by incubation at -20°C overnight to precipitate
proteins. The pellet was washed three times with 5 mL of cold 0.1 M ammonium acetate/meth-
anol (w/v) and once with 5 mL of cold acetone before the trypsin digestion treatment. The pro-
tein pellet was further utilised either for the LC-ESI-MS/MS analysis or for the HPLC analysis.
Trypsin digestion and LC-ESI-MS/MS
The washed protein pellet was dissolved in 100 μL 50 mM ammonium bicarbonate by sonica-
tion for 5 minutes. The dissolved proteins were then reduced with 50 mM tris-(2-carboxyethyl)
phosphine (TCEP), alkylated with 360 mM acrylamide and finally digested with sequencing
grade trypsin (Promega). Nanoflow LC-MS/MS was performed on a Nano-Advance (Bruker)
HPLC. Samples were loaded onto a C18 trap column and then switched in-line with an analyti-
cal column (Bruker, 0.1 x 150 mmMagic C18 AQ 3.0μm, 200Å). Elution was performed at
0.8 μL/min, using a tailored gradient from 0%-35% acetonitrile (with 0.1% formic acid) over
60 minutes and then from 35%-45% acetonitrile (with 0.1% formic acid) in 10 minutes. The
column outlet was directly interfaced to an amaZon Speed ETD (Bruker) mass spectrometer.
Automated information dependent acquisition (IDA) was performed using Hystar PP 3.2.44.0
software, with a MS survey scan over the range m/z 350–1200 followed by three MS/MS spectra
from 50–3000 m/z acquired during each cycle of 30 ms duration.
Analysis of MS/MS data
After each LC-MS/MS run, peak lists were queried against Vitis vinifera sequences in the Uni-
prot database using the Mascot search engine (v2.2.03, Matrix Science) maintained on an in-
house server. The following Mascot search parameters were used: ‘semitrypsin’ was selected as
the proteolytic enzyme with two missed cleavages permitted; error tolerance was set to 0.3 Da
for MS and 0.6 Da for MS/MS. Search results were compiled and analysed using ProteinScape
3.1.0 (Bruker) using the ProteinExtractor function. Acceptance thresholds for peptide and pro-
tein scores were set at 20 and 80, respectively. The identification score for at least one peptide
used for protein identification was calculated by the search engine. Results assessed as being
true matches were used for further analysis.
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Assignment of identified proteins to functional classes
Identified proteins were assigned a Gene Ontology (GO) term according to their molecular
function. Protein NCBI accession numbers were used to perform batch retrieval on the Protein
Information Resource website (http://pir.georgetown.edu/), and grouped into functional
categories using the ‘GO-MIPS funcat conversion table’ (http://www.geneontology.org/
external2go/mips2go) set up at the Munich Information Center for Protein Sequences (MIPS
Institute) [26]. In some cases, where the GO term assigned to the protein appeared too broad,
proteins were assigned to MIPS funcats (http://www.mips.gsf.de/projects/funcat) according to
their role described in the literature.
HPLC analysis of protein extracts
The washed protein pellet was dissolved in 1 mL 7 M urea. Protein extracts (50 μL) of grape tis-
sues, Sauvignon Blanc juice (50 μL), and purified thaumatin-like proteins (TLPs) and chiti-
nases which were prepared using the two step purification method decribed by Van Sluyter
et al. [27], were loaded at 1 mL/min onto a C8 guard column (4.6x5 mm, Vydac 208GK54)
which was equilibrated using a mixture of 83% (v/v) solvent B [0.1% trifluoroacetic acid (TFA)
in 8% acetonitrile] and 17% solvent A [80% acetonitrile, 0.1% (v/v) TFA] at 35°C at a flow rate
of I ml/min. HPLC analysis was performed using a C8 column (4.6x250 mm, Vydac 208TP54)
equilibrated with the above solvent mix. A gradient elution of the proteins was performed; 17%
solvent A to 49% solvent A in the first 7 min, from 49 to 57% in 7 to 15 min, from 57 to 65% in
15 to 16 min, from 65 to 81% in 16 to 30 min, and then held at 81% for 5 min before re-equili-
brating the column in the starting conditions for an additional 6 min [28]. Elution was moni-
tored using wavelengths at 210, 220, 260, 280, and 320 nm. Sauvignon Blanc juice proteins
eluted at 9.2 min and 19.2 min were assigned to TLPs and chitinases respectively according to
the previous studies [10,29,30]. For the protein extracts of grape tissues, since there was only a
single peak at 19.2 min which was assigned to chitinases without further investigation. Howev-
er, there were two possible peaks, eluting at 9.3 min and 10.6 min respectively, which might
correspond to TLPs in this study. Thus, proteins from these two peaks were collected and la-
belled as fraction 1 (F1) and fraction 2 (F2) accordingly and further investigated by sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). Relative quantification of
TLPs and chitinases in the protein extracts using HPLC was carried out by comparison of the
corresponding peak areas against the area of a commercial thaumatin protein from Thaumato-
coccus daniellii (Sigma-Aldrich, New Zealand) used as a standard, and thus the protein concen-
tration was expressed as thaumatin equivalent.
Protein composition analysis by SDS-PAGE
Fractions F1 and F2 of protein extracts and TLPs collected from Sauvignon Blanc juice were
freeze-dried and re-dissolved in 30 μL of Tris-HCl buffer (pH 7.5). Aliquots of these concen-
trates (15 μL) were mixed with 5 μL of the NuPAGE LDS sample buffer (Novex, Life Technolo-
gies, US) and then denatured at 70°C for 10 minutes. Denatured protein samples were then
loaded onto the NuPAGE Bis-Tris Mini Gel (Novex, Life Technologies, US). Electrophoresis
was run in MOPS SDS running buffer with constant voltage mode (200 V) at room tempera-
ture for 50 min. The gel was stained using SimplyBlue SafeStain (Novex, Life Technologies,
US) according to the manufacturer’s protocol.
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Results and Discussion
Identification of PR proteins in grape tissues
Proteins extract from skin, pulp and seed tissues of Sauvignon Blanc grapes and analysed by
LC-MS and are shown in Table 1. Hypothetical proteins, uncharacterised proteins and un-
named proteins are excluded from this table. Genome sequencing has greatly enhanced the
analysis of the proteome of Vitis vinifera [12]. In this study, over 100 proteins were identified
in specific Sauvignon Blanc grape tissues. This direct injection method provides rapid identifi-
cation of the major proteins extracted from grape tissues, but high intensity peaks from liquid
chromatography separation may eclipse lower intensity peaks due to the lack of pre-fraction-
ation, so proteins with low concentration in protein mixture may be less easily encountered
and identified in whole tissue proteomic studies. Among the identified proteins, 38 annotated
proteins were present in both grape skin and pulp, 15 annotated proteins present in both grape
pulp and seed, and 11 annotated proteins present in both grape skin and seed. However, some
of the identified proteins were exclusively present in specific grape tissues: proteins involved in
photosynthesis such as chlorophyll a-b binding protein (gi|225447576) and photosystem II 44
kDa protein (gi|91983988), were only identified in grape skin; and proteins found in alcoholic
fermentation such as alcohol dehydrogenase 7 (gi|7264742) and pyruvate decarboxylase (gi|
10732644), were only identified in grape pulp.
The functional distribution of identified proteins in specific grape tissues is shown in Fig 1.
Most of the proteins extracted from Sauvignon Blanc grape tissues fell into the groups labelled
as metabolism (41% for skin tissues, 29% for pulp tissues, and 38% for seed tissues), energy
(24% for skin tissues, 33% for pulp tissues, and 27% for seed tissues), protein fate (11% for skin
tissues, 17% for pulp tissues and 11% for seed tissues) and protein synthesis (9% for skin tis-
sues, 11% for pulp tissues and 4% for seed tissues). The high frequency of proteins involved in
metabolism and energy confirmed results of previous proteomic studies [24,31]. In addition,
proteins identified in grape seed were less diverse than those identified in grape skin and pulp.
The Vitis vinifera thaumatin-like proteins (VVTL1), one of TLPs isoforms [32], and chiti-
nases were identified in both grape skin and pulp but not in the seed. The MS/MS analysis of a
peptide from VVTL1 and chitinase are shown in Fig 2. In this study, more than one isoform of
TLPs could be present but it was not possible to identify these because of high sequence homol-
ogy between the isoforms thus reducing the probability of identifying unique peptides. These
results are in agreement with previous studies in which the PR proteins were observed in grape
skin and pulp of other grape cultivars [14,23,33]. The observation of PR proteins in grape skin
suggests that grape processing techniques which facilitate skin extraction may result in in-
creased PR protein extraction into juice, and may affect the final protein concentration in and
bentonite requirement of wine. In this study, another PR protein, β-1,3- glucanase, was de-
tected in Sauvignon Blanc grape skin. In a recent study, Wang et al [34] also observed β-1,3-
glucanase in the skin of Sangiovese and Trebbiano. These results suggest that skin extraction
can contribute to protein composition in wine and the β-1,3- glucanases observed in wine are
likely to be derived from grape skin.
SDS-PAGE analysis of proteins seperated by HPLC
In order to identify and quantify the PR proteins from the protein extracts of grape tissues
using HPLC, the retention times of all protein peaks from the protein extracts were compared
with the retention times of purified TLPs and chitinases and with those previously reported
[10,29,30]. For protein extracts from both grape skin and pulp, there were two adjacent peaks
eluted at the retention time of 9.3 min (F1) and 10.6 min (F2), respectively, and there was a
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Table 1. Identified proteins and their distribution in Sauvignon Blanc grapes using LC-MS/MS.
Identiﬁed proteins NCBI database
accession
MW
[kDa]
pI skin pulp seed
01 Metabolism
01.01 Amino acid metabolism
5-methyltetrahydropteroyltriglutamate-homocysteine methyltransferase 225439223 84.90 6.08 - - +
serine hydroxymethyltransferase, mitochondrial 225429452 57.10 8.94 + - -
serine hydroxymethyltransferase 1 225433510 51.90 7.80 - + -
01.05 C-compound and carbohydrate metabolism
1,3 beta glucanase 6273716 13.40 6.11 + - -
2,3-bisphosphoglycerate-independent phosphoglycerate mutase isoform 2 359480976 60.20 5.63 + - +
5'-methylthioadenosine/S-adenosylhomocysteine nucleosidase 1 isoform 2 359475059 28.30 4.59 + - -
adenosylhomocysteinase-like isoform 1 225456806 53.00 5.71 + + -
alpha-1,4 glucan phosphorylase L isozyme, chloroplastic/amyloplastic-like 359489019 111.30 5.05 + + -
beta-glucosidase 42-like 359495874 55.20 5.09 + - -
chitinase 5-like 225434076 43.40 6.51 + + -
class IV endochitinase 2306811 27.20 5.31 + + -
endochitinase-like 359497495 21.20 8.94 - - +
isocitrate lyase-like 225447308 64.60 7.07 - - +
phosphoglycerate kinase, chloroplastic 359494603 40.90 9.54 + - -
phosphoglycerate kinase, cytosolic 225464999 42.40 6.31 + + -
probable galactinol—sucrose galactosyltransferase 2 225441787 84.80 5.43 + + -
Putative 2–3 biphosphoglycerate independant phosphoglycerate mutase 239056191 61.00 5.57 - + -
pyrophosphate—fructose 6-phosphate 1-phosphotransferase subunit alpha-like 225457674 67.30 8.78 + + -
ribulose bisphosphate carboxylase/oxygenase activase 2, chloroplastic isoform 2 359478916 48.60 5.78 + - -
sedoheptulose-1,7-bisphosphatase, chloroplastic 225466690 42.50 5.92 + - -
sucrose synthase 2 225437428 92.40 5.69 - + +
UDP-glucuronic acid decarboxylase 1 225449563 38.80 6.53 + + +
UTP—glucose-1-phosphate uridylyltransferase isoform 2 359476943 50.20 6.41 + + -
01.06 Lipid, fatty acid and isoprenoid metabolism
9,10[9',10']carotenoid cleavage dioxygenase 61654494 61.10 6.04 + - -
acyl-[acyl-carrier-protein] desaturase, chloroplastic-like 359496940 45.00 7.87 + - -
annexin D1 225459318 35.20 7.82 + + -
lipid transfer protein isoform 4 28194086 11.70 10.40 + - -
lipoxygenase 268636245 101.60 6.06 + - -
non-speciﬁc lipid-transfer protein 225439679 11.60 10.52 + - -
non-speciﬁc lipid-transfer protein 2-like 359490972 9.70 9.18 + - -
non-speciﬁc lipid-transfer protein A-like 225446753 11.90 9.96 - - +
phospholipase D alpha 84620126 91.70 5.52 + + -
probable acetyl-CoA acetyltransferase, cytosolic 2 225447510 41.10 6.00 + + +
probable acetyl-CoA acetyltransferase, cytosolic 2-like 359497005 42.60 9.59 - + +
01.07 Metabolism of vitamins, cofactors, and prosthetic groups
c-1-tetrahydrofolate synthase, cytoplasmic 359479954 32.70 7.12 + - -
01.20 Secondary metabolism
4-coumarate—CoA ligase-like 7 225436506 59.50 9.59 + - -
chalcone—ﬂavonone isomerase 2 225448801 25.10 5.13 - - +
Polyphenol oxidase, chloroplastic 1172587 67.30 6.28 + - -
02 Energy
02.01 Glycolysis and gluconeogenesis
(Continued)
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Table 1. (Continued)
Identiﬁed proteins NCBI database
accession
MW
[kDa]
pI skin pulp seed
Enolase 225455555 48.10 6.16 - + -
enolase 1 225441000 47.80 5.60 + + -
glyceraldehyde-3-phosphate dehydrogenase A, chloroplastic-like 225451685 43.10 7.76 + - -
glyceraldehyde-3-phosphate dehydrogenase B, chloroplastic isoform 2 225457604 47.20 7.84 + - -
glyceraldehyde-3-phosphate dehydrogenase, cytosolic 359491599 36.70 8.72 + + +
glyceraldehyde-3-phosphate dehydrogenase-like 225425884 36.70 7.77 - + +
protein disulﬁde-isomerase 225459587 55.60 4.79 - - +
triosephosphate isomerase, cytosolic 225449541 27.10 6.42 + + -
02.10 Tricarboxylic-acid pathway
malate dehydrogenase, chloroplastic-like 225452831 43.70 9.06 + + +
malate dehydrogenase, cytoplasmic 225438145 35.50 6.20 + + -
malate dehydrogenase, mitochondrial 225443845 36.80 9.51 + + +
NADP-dependent malic enzyme 1708924 65.20 6.07 + + -
02.11 Electron transport and membrane-associated energy conservation
enoyl-[acyl-carrier-protein] reductase [NADH], chloroplastic-like 225441423 41.60 9.42 - - +
02.16 Fermentation
alcohol dehydrogenase 7 7264742 39.40 5.95 - + -
pyruvate decarboxylase 1 10732644 62.20 6.10 - + -
pyruvate decarboxylase isozyme 1 225443847 62.40 5.59 + + -
02.30 Photosynthesis
chlorophyll a-b binding protein 151, chloroplastic 225447576 28.40 5.61 + - -
chlorophyll a-b binding protein 40, chloroplastic isoform 1 225463428 27.90 4.97 + - -
photosystem II 44 kDa protein 91983988 51.80 6.76 + - -
02.45 Energy conversion and regeneration
ADP, ATP carrier protein 1, mitochondrial-like 225450149 42.00 10.18 + + -
ATP synthase subunit beta, mitochondrial-like 225456079 59.10 5.86 + + -
ATP synthase subunit O, mitochondrial isoform 1 225450135 27.50 10.04 - + -
ATPase subunit 1 224365668 55.10 5.97 + + -
ATP-citrate synthase alpha chain protein 2 isoform 1 225450474 46.40 5.22 + - -
ATP-citrate synthase beta chain protein 2 225431960 65.90 7.10 - + +
V-type proton ATPase subunit B 1-like 225459744 54.20 4.85 - + -
11 Transcription
11.02 RNA synthesis
ﬂavoprotein wrbA isoform 1 225461209 21.70 5.80 + - -
12 Protein synthesis
12.01 Ribosome biogenesis
40S ribosomal protein S16 225428853 16.40 10.21 + - -
40S ribosomal protein S23-like 225435203 15.60 11.02 + + -
40S ribosomal protein S5 isoform 2 225441583 23.10 10.19 + - -
60S ribosomal protein L35-like 225448819 14.30 11.39 - + -
putative 40S ribosomal protein S5, partial 37780996 16.80 11.26 - + +
12.04 Translation
elongation factor 1-alpha 225439902 49.30 9.76 + - -
elongation factor 1-alpha-like 225435233 49.30 9.76 - + -
elongation factor 2-like isoform 1 225462164 93.90 5.74 + + -
seryl-tRNA synthetase 225450981 51.10 6.27 + - -
(Continued)
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Table 1. (Continued)
Identiﬁed proteins NCBI database
accession
MW
[kDa]
pI skin pulp seed
12.07 Translational control
eukaryotic initiation factor 4A-2 225442221 46.90 5.34 - + -
14 Protein fate (folding, modiﬁcation, destination)
14.01 Protein folding and stabilization
97 kDa heat shock protein-like 359482944 93.30 4.99 - + -
heat shock cognate 70 kDa protein isoform 2 359486799 71.10 5.02 - + -
heat shock cognate protein 80-like 359495606 80.00 4.84 + + -
luminal-binding protein 5-like 359490716 73.40 4.90 + - -
peptidyl-prolyl cis-trans isomerase CYP20-3, chloroplastic-like isoform 2 359480227 22.50 9.63 + + -
peptidyl-prolyl cis-trans isomerase isoform 1 225457957 17.90 9.87 + + +
14.07 Protein modiﬁcation
aspartic proteinase 144228219 20.80 4.48 - + -
aspartic proteinase nepenthesin-2 225455876 53.10 5.64 - - +
dolichyl-diphosphooligosaccharide—protein glycosyltransferase subunit 2-like 359480291 75.30 5.62 - + -
probable acetyl-CoA acetyltransferase, cytosolic 2-like 359497005 42.60 9.59 + - -
14.10 Assembly of protein complexes
coatomer subunit gamma-2-like 359475304 98.60 4.94 + + +
ruBisCO large subunit-binding protein subunit beta, chloroplastic 225435794 64.60 5.71 + + -
14.13 Protein/peptide degradation
probable mitochondrial-processing peptidase subunit beta 225452974 58.40 6.45 + - -
16 Protein with binding function or cofactor requirement (structural or
catalytic)
16.07 Metal binding
aconitate hydratase, cytoplasmic 225447278 107.40 7.84 - - +
aconitate hydratase 2, mitochondrial 225460961 110.00 6.71 + + -
16.21 Complex cofactor/cosubstrate/vitamine binding
membrane steroid-binding protein 2 225470692 23.50 4.57 + - -
20 Cellular transport, transport facilitation and transport routes
20.01 Transported compounds (substrates)
importin subunit alpha-1 225431871 58.10 5.18 - - +
20.03 Transport facilities
ABC transporter C family member 8-like 359482526 164.10 9.04 + - -
32 Cell rescue, defense and virulence
32.01 Stress response
catalase isozyme 1-like 359476986 56.90 6.77 + + -
peroxidase 4 225434381 34.00 9.56 + - -
32.05 Disease, virulence and defense
major allergen Pru ar 1 225431840 17.30 5.10 + - -
34 Interaction with the environment
34.11 Cellular sensing and response to external stimulus
temperature-induced lipocalin 77744883 21.50 6.63 + + +
major allergen Pru av 1 225431844 17.10 5.96 + - -
36 Systemic interaction with the environment
36.20 Plant/fungal speciﬁc systemic sensing and response
vicilin-like antimicrobial peptides 2-1-like 359479651 63.90 7.84 - - +
Vitis vinifera Thaumatin-Like (VVTL) Proteins 410563154 21.30 4.76 + + -
(Continued)
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single peak eluted at retention time of 19.2 min (Fig 3). As described above, the fraction 1 (F1)
from Sauvignon Blanc juice was assigned to TLPs and proteins eluted at 19.2 min were assigned
to chitinases, and proteins eluted at 9.3 min and 10.6 min were collected and further analysed
by SDS-PAGE. The analysis of these two protein fractions together with the TLPs separated
from Sauvignon Blanc juice, for comparison, is shown in Fig 4. Although the molecular mass
of TLPs determined by mass spectrometry was 21.3 kDa, the SDS-PAGE analysis result showed
that the molecular weight of TLPs was about 18 kDa. In a previous study, Le Bourse et al. [35]
also observed that the molecular weight of TLPs determined on electrophoresis gel was smaller
than its theoretical value determined by mass spectrometer. The SDS-PAGE analysis showed
that the main protein peak in F1 had a MW of 18 kDa which was presumably TLP. Thus, the
protein fraction eluting at 9.3 min was assigned to TLP and the area of this peak was used to
relatively quantify TLP in protein extracts of grape tissues. In addition, the analysis of protein
fraction 2 on SDS-PAGE showed that proteins with MW of 37 kDa were observed in protein
extracts from both grape skin and pulp, and these proteins were presumably glucanases which
were observed in wine by Sauvage et al. [36].
Table 1. (Continued)
Identiﬁed proteins NCBI database
accession
MW
[kDa]
pI skin pulp seed
40 Cell fate
cell division cycle protein 48 homolog 225436524 89.10 5.19 + + +
doi:10.1371/journal.pone.0130132.t001
Fig 1. Functional distribution of the identified proteins in Sauvignon Blanc grape skin, pulp and seed.
doi:10.1371/journal.pone.0130132.g001
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Relative quantification of PR proteins in grape skin and pulp
Relative quantification of TLPs and chitinases was carried out by comparing the area of the
peaks eluted at 9.3 min and 19.2 min, respectively, against the area of a thaumatin standard.
Using this method, the concentrations of TLPs and chitinases were determined in Sauvignon
Blanc grape skin and pulp (Table 2). The results represented three measurements of TLPs and
chitinases in specific grape tissues by HPLC. Comparison of the concentrations between two
Fig 2. The MS/MS spectrum of 711.23 m/z (A) and 821.63 m/z (B), which identified the peptide unique to VVTL1 and chitinases from Vitis vinifera,
respectively.
doi:10.1371/journal.pone.0130132.g002
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Fig 3. Comparison of chromatograms of protein extracts and juice from HPLC.
doi:10.1371/journal.pone.0130132.g003
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grape tissues showed that Sauvignon Blanc grape pulp contained similar concentration of TLPs
and chitinases (275.1 mg/L and 248.2 mg/L, respectively). The concentrations of TLPs and
chitinases determined in Sauvignon Blanc grape skin were 581.8 mg/L and 442.4 mg/L, respec-
tively. In consideration of the weight ratio between skin and pulp in a single berry (approxi-
mately 1:8.8), the amount of these PR proteins in grape skin on per berry basis are actually
much less than those in grape pulp. Furthermore, in this study the concentrations of TLPs and
chitinases determined in grape skin and pulp were much higher than those reported in a
Fig 4. The SDS-PAGE analysis of protein fractions separated by HPLC: M, protein molecular weight
marker; 1–2, F1 and F2 seperated from skin protein extracts and eluted at 9.3 min and 10.6 min
respectively; 3–4, F1 and F2 seperated from pulp protein extracts and eluted at 9.3 min and 10.6 min
respectively; 5, F1 (assigned to TLPs) collected from Sauvignon Blanc juice.
doi:10.1371/journal.pone.0130132.g004
Table 2. Quantification of PR protein in Sauvignon Blanc grape skin and pulp (n = 3).
Tissue TLPs (mg/L)* Chitinases (mg/L)*
Skin 581.8 ± 17.2 442.4 ± 34.3
Pulp 275.1 ± 7.1 248.2 ± 14.1
* The concentration was determined using HPLC, and expressed as thaumatin equivalent.
doi:10.1371/journal.pone.0130132.t002
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previous study [37] in which the proteins were extracted by homogenizing the grape tissues in
model grape juice, this is possibly because the protein extraction method used in current study
was optimized for grape berries which have high sugar content and large amounts of polyphe-
nols that can interfere the efficiency of protein extraction [25]. Furthermore, in this study, the
observation of TLPs and chitinases in Sauvignon Blanc grape skin supported the conclusion
that higher concentration of PR proteins in juice from mechanically harvested grapes coupled
with long distance transport was likely caused by greater extraction of PR proteins from grape
skin [37]. However, the concentration of PR proteins in juice is predominently determined by
their concentration in grape pulp [38], the effect of skin extraction on enhancing the concen-
tration of PR proteins in juice might be limited due to the relatively low amount of TLPs and
chitinases in grape skin.
Conclusions
Protein profiling of New Zealand Sauvignon Blanc was carried out in this study to provide ad-
ditional information on the distribution and composition of proteins in specific grape tissues.
Two major soluble haze-forming PR proteins, TLPs and chitinases, were identified in both Sau-
vignon Blanc grape skin and pulp. Furthermore, the relative quantification of TLPs and chiti-
nases showed that their concentration on a per berry basis in grape pulp was mucher higher
than those in grape skin. These results indicate that the predominent PR proteins in grape juice
are likely coming from the pulp, but the potential for extraction of PR proteins from grape skin
during juicing process may consequently increase the concentration of PR proteins in juice and
thus require higher bentonite addition for resultant wine stabilization.
Acknowledgments
The authors wish to acknowledge Jenny Zhao for her assistance with the RP-HPLC analysis
and Robert Yu for his help in assignment of identified proteins.
Author Contributions
Conceived and designed the experiments: BT RH JM. Performed the experiments: BT SD. Ana-
lyzed the data: BT SD. Contributed reagents/materials/analysis tools: BT RH JM. Wrote the
paper: BT RH JM SD.
References
1. Ferreira RB, Picarra-Pereira MA, Monteiro S, Loureiro VB, Teixeira AR. The wine proteins. Trends in
Food Science & Technology. 2002; 12: 230–239.
2. Waters EJ, Shirley NJ, Williams PJ. Nuisance proteins of wine are grape pathogenesis-related proteins.
Journal of Agricultural and Food Chemistry. 1996; 44: 3–5.
3. Datta SK, Muthukrishnan S. Pathogenesis-related proteins in plants: CRC Press; 1999.
4. Van Loon LC, Van Kammen A. Polyacrylamide disc electrophoresis of the soluble leaf proteins from Ni-
cotiana tabacum var. ‘Samsun’ and ‘Samsun NN’: II. Changes in protein constitution after infection with
tobacco mosaic virus. Virology. 1970; 40: 199–211.
5. Van Loon LC, Pierpoint WS, Boller TH, Conejero V. Recommendations for naming plant pathogenesis-
related proteins. Plant Molecular Biology Reporter. 1994; 12: 245–264.
6. Robinson SP, Davies C. Molecular biology of grape berry ripening. Australian Journal of Grape and
Wine Research. 2000; 6: 175–188.
7. Robinson SP, Jacobs AK, Dry IB. A class IV chitinase is highly expressed in grape berries during ripen-
ing. Plant physiology. 1997; 114: 771–778. PMID: 9232868
8. Tattersall DB, Van Heeswijck R, Hoj PB. Identification and characterization of a fruit-specific, thauma-
tin-like protein that accumulates at very high levels in conjunction with the onset of sugar accumulation
and berry softening in grapes. Plant physiology. 1997; 114: 759–769. PMID: 9232867
Profiling and Quantification of Proteins in Sauvignon Blanc Grapes
PLOS ONE | DOI:10.1371/journal.pone.0130132 June 15, 2015 13 / 15
9. Peng Z, Pocock KF, Waters EJ, Francis IL, Williams PJ. Taste properties of grape (Vitis vinifera) patho-
genesis-related proteins isolated from wine. Journal of Agricultural and Food Chemistry. 1997; 45:
4639–4643.
10. Pocock KF, Hayasaka Y, McCarthy MG, Waters EJ. Thaumatin-like proteins and chitinases, the haze-
forming proteins of wine, accumulate during ripening of grape (Vitis vinifera) berries and drought stress
does not affect the final levels per berry at maturity. Journal of Agricultural and Food Chemistry. 2000;
48: 1637–1643. PMID: 10820071
11. Velasco R, Zharkikh A, Troggio M, Cartwright DA, Cestaro A, Pruss D, et al. A high quality draft consen-
sus sequence of the genome of a heterozygous grapevine variety. PLoS ONE. 2007; 2(12): e1326.
PMID: 18094749
12. Jaillon O, Aury JM, Noel B, Policriti A, Clepet C, Casagrande A, et al. The grapevine genome sequence
suggests ancestral hexaploidization in major angiosperm phyla. Nature. 2007; 449: 463–467. PMID:
17721507
13. Marzia G, Gabriella GM. Heard it through the grapevine: Proteomic perspective on grape and wine.
Journal of Proteomics. 2010; 73: 1647–1655. doi: 10.1016/j.jprot.2010.05.002 PMID: 20580953
14. Deytieux C, Geny L, Lapaillerie D, Claverol S, Bonneu M, Doneche B. Proteome analysis of grape
skins during ripening. Journal of Experimental Botany. 2007; 58: 1851–1862. PMID: 17426054
15. Jellouli N, Ben Jouira H, Skouri H, Ghorbel A, Gourgouri A, Mliki A. Proteomic analysis of Tunisian
grapevine cultivar Razegui under salt stress. Journal of Plant Physiology. 2008; 165: 471–481. PMID:
17942184
16. Okuda T, Fukui M, Takayanagi T, Yokotsuka K. Characterization of major stable proteins in Chardon-
nay wine. Food Science and Technology Research. 2006; 12: 131–136.
17. Waters EJ, Hayasaka Y, Tattersall DB, Adams KS, Williams PJ. Sequence analysis of grape (Vitis vinif-
era) berry chitinases that cause haze formation in wines. Journal of Agricultural and Food Chemistry.
1998; 46: 4950–4957.
18. BladeWH, Boulton R. Adsorption of protein by bentonite in a model wine solution. American Journal of
Enology and Viticulture. 1988; 39: 193–199.
19. Lambri M, Dordoni R, Silva A, De Faveri DM. Effect of bentonite fining on odor-active compounds in two
different white wine styles. American Journal of Enology and Viticulture. 2010; 61: 225–233.
20. Tattersall DB, Pocock KF, Hayasaka Y, Adams K, Van Heeswijck R, Waters EJ, et al. Pathogenesis re-
lated proteins—their accumulation in grapes during berry growth and their involvement in white wine
heat instability. Current knowledge and future perspectives in relation to winemaking practices. Roube-
lakis-Angelakis KA, editor. Molecular Biology and Biotechnology of the Grapevine: Kluwer Academic.
2001. pp. 183–202.
21. Marangon M, Van Sluyter SC, Neilson KA, Chan C, Haynes PA, Waters EJ, et al. Roles of grape thau-
matin-like protein and chitinase in white wine haze formation. Journal of Agricultural and Food Chemis-
try. 2011; 59: 733–740. doi: 10.1021/jf1038234 PMID: 21189017
22. Grimplet J, Wheatley MD, Jouira HB, Deluc LG, Cramer GR, Cushman JC. Proteomic and selected me-
tabolite analysis of grape berry tissues under well-watered and water-deficit stress conditions. Proteo-
mics. 2009; 9: 2503–2528. doi: 10.1002/pmic.200800158 PMID: 19343710
23. Monteiro S, Piçarra-Pereira MA, Loureiro VB, Teixeira AR, Ferreira RB. The diversity of pathogenesis-
related proteins decreases during grape maturation. Phytochemistry. 2007; 68: 416–425. PMID:
17188723
24. Giribaldi M, Perugini I, Sauvage FX, Schubert A. Analysis of protein changes during grape berry ripen-
ing by 2‐DE and MALDI‐TOF. Proteomics. 2007; 7: 3154–3170. PMID: 17683049
25. Vincent D, Wheatley MD, Cramer GR. Optimization of protein extraction and solubilization for mature
grape berry clusters. Electrophoresis. 2006; 27: 1853–1865. PMID: 16586412
26. Moser C, Segala C, Fontana P, Salakhudtinov I, Gatto P, Pindo M, et al. Comparative analysis of ex-
pressed sequence tags from different organs of Vitis vinifera L. Functional & Integrative Genomics.
2005; 5: 208–217.
27. Van Sluyter SC, Marangon M, Stranks SD, Neilson KA, Hayasaka Y, Haynes PA, et al. Two-Step Purifi-
cation of Pathogenesis-Related Proteins from Grape Juice and Crystallization of Thaumatin-like Pro-
teins. Journal of Agricultural and Food Chemistry. 2009; 57: 11376–11382. doi: 10.1021/jf902365r
PMID: 19886666
28. Marangon M, Van Sluyter SC, Haynes PA, Waters EJ. Grape and wine proteins: their fractionation by
hydrophobic interaction chromatography and identification by chromatographic and proteomic analysis.
Journal of Agricultural and Food Chemistry. 2009; 57: 4415–4425. doi: 10.1021/jf9000742 PMID:
19354294
Profiling and Quantification of Proteins in Sauvignon Blanc Grapes
PLOS ONE | DOI:10.1371/journal.pone.0130132 June 15, 2015 14 / 15
29. Salazar FN, López F, Chiffelle I, López R, Peña-Neira A. Evaluation of pathogenesis-related protein
content and protein instability of seven white grape (Vitis vinifera L.) clones from Casablanca Valley,
Chile. European Food Research and Technology. 2012; 234: 509–515.
30. Pocock KF, Waters EJ. Protein haze in bottled white wines: How well do stability tests and bentonite fin-
ing trials predict haze formation during storage and transport? Australian Journal of Grape andWine
Research. 2006; 12: 212–220.
31. Sarry JE, Sommerer N, Sauvage FX, Bergoin A, Rossignol M, Albagnac G, et al. Grape berry biochem-
istry revisited upon proteomic analysis of the mesocarp. Proteomics. 2004; 4: 201–215. PMID:
14730682
32. Marangon M, Van Sluyter SC, Waters EJ, Menz RI. Structure of Haze Forming Proteins in White
Wines: Vitis vinifera Thaumatin-Like Proteins. PLoS ONE. 2014; 9(12): e113757. doi: 10.1371/journal.
pone.0113757 PMID: 25463627
33. Colas S, Afoufa-Bastien D, Jacquens L, Clement C, Baillieul F, Mazeyrat-Gourbeyre F, et al. Expres-
sion and In Situ Localization of TwoMajor PR Proteins of Grapevine Berries during Development and
after UV-C Exposition. PLoS ONE. 2012; 7(8): e43681. doi: 10.1371/journal.pone.0043681 PMID:
22937077
34. WangW, Bianchi L, Scali M, Liu L, Bini L, Cresti M. Proteomic analysis of β-1, 3-glucanase in grape
berry tissues. Acta Physiologiae Plantarum. 2009; 31: 597–604.
35. Le Bourse D, Conreux A, Villaume S, Lameiras P, Nuzillard JM, Jeandet P. Quantification of chitinase
and thaumatin-like proteins in grape juices and wines. Analytical and Bioanalytical Chemistry. 2011;
401: 1541–1549. doi: 10.1007/s00216-011-4912-8 PMID: 21465097
36. Sauvage FX, Bach B, Moutounet M, Vernhet A. Proteins in white wines: Thermo-sensitivity and differ-
ential adsorbtion by bentonite. Food Chemistry. 2010; 118: 26–34.
37. Pocock KF, Hayasaka Y, Peng Z, Williams PJ, Waters EJ. The effect of mechanical harvesting and
long-distance transport on the concentration of haze-forming proteins in grape juice. Australian Journal
of Grape andWine Research. 1998; 4: 23–29.
38. Tian B, Harrison R, Jaspers M, Morton J. Influence of ultraviolet exclusion and of powdery mildew infec-
tion on Sauvignon Blanc grape composition and on extraction of pathogenesis-related proteins into
juice. Australian Journal of Grape andWine Research. 2015. doi: 10.1111/ajgw.12135
Profiling and Quantification of Proteins in Sauvignon Blanc Grapes
PLOS ONE | DOI:10.1371/journal.pone.0130132 June 15, 2015 15 / 15
